INTRODUCTION
============

Transient global amnesia (TGA) is an intriguing clinical condition hallmarked by the sudden onset of deficit in anterograde memory that usually resolves over a day.[@B1][@B2] It is thought to be benign, although slight memory deficits might persist for months after an episode.[@B3] Case series in which diffusion-weighted imaging (DWI) was performed on TGA patients revealed focal areas of restricted diffusion, confined to the CA1 area of the hippocampus.[@B4] The incidence of TGA is approximately 20 per 100,000 persons among those aged 50--80 years.[@B5]

The exact cause of TGA remains elusive.[@B6] There is evidence that TGA is correlated with transient ischemic attacks (TIAs),[@B7][@B8] venous congestion,[@B9][@B10] and a migrainous phenomenon,[@B11] but definitive proof supporting any of these mechanisms is lacking.[@B12]

Every patient with an acute presentation of isolated amnesia in our medical center is admitted for further observation and evaluation. We noted that patients hospitalized with TGA tend to appear in clusters. Moreover, we noted that most admissions with TGA to the neurology department occurred during winter and spring. We therefore decided to analyze whether this phenomenon is consistent for admissions in the internal medicine wing of the entire hospital over several years. Our initial review confirmed that this observation is indeed valid and encouraged us to further assess the epidemiology of TGA admissions over a 15-year period.

METHODS
=======

Discharge data were collected retrospectively from a single tertiary care center in Israel over a period of 15 years, between January 2000 and December 2014 ([Table 1](#T1){ref-type="table"}). Data collection was approved by the Institutional Review Board and authorized for patient anonymous inclusion. For each patient we procured the date of hospitalization, diagnosis given at discharge, age, and sex. Data were divided according to the discharge diagnosis into TGA hospitalizations and non-TGA hospitalizations in the internal medicine wing (which includes the neurology ward).

TGA was diagnosed using the following accepted criteria:[@B13] 1) presence of an anterograde amnesia event that is witnessed by an observer, 2) the cognitive impairment is limited to amnesia, 3) no focal neurological signs, 4) no recent history of head trauma or seizures, and 5) resolution of symptoms within 24 hours. All patients underwent a neurological examination upon admission, noncontrast head CT and inpatient follow-up for at least 24 hours in order to exclude TGA-mimicking conditions.

We plotted the incidence of TGA admissions for each month ([Fig. 1](#F1){ref-type="fig"}) and season ([Fig. 2](#F2){ref-type="fig"}) over the analyzed 15-year period.

Statistical analysis
--------------------

Our statistical hypotheses were that the incidence of TGA varies with the month or season. For this analysis, hospitalization data were grouped into seasons defined according to the Gregorian calendar.

Statistical methods for the assessment and quantification of seasonality were chosen based on an extensive review[@B14] and our previous experience. The methods considered range from a comparison of disease incidence (percentage of TGA hospitalizations relative to the total number of hospitalizations) between the extremes of summer and winter, through modeling of the intensity of seasonal patterns by use of a periodogram, to more-advanced generalized linear models. Since the outcome variable was binary, a logistic regression was fitted to the data, with month or season as a categorical dependent variable. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated as estimates of relative risk. Summer was used as the reference category for the seasonal analysis, while the month of June was used for the monthly analysis.

We have also performed a time series analysis through a spectral density, and presented the data as a periodogram, since such plots may be used to identify dominant periods of time series. We used Fourier transformation implemented using SPSS software to calculate the intensity.

RESULTS
=======

During this 15 year period, 259,161 hospital admissions occurred, of which 173 had been diagnosed as being due to transient acute isolated amnesia. Of these, 19 were excluded because they were eventually diagnosed as epilepsy or another condition. The remaining 154 patients met the criteria for TGA ([Table 1](#T1){ref-type="table"}). There were 91 TGA events in women and 63 in men (with 4 recurrent episodes, 2.5%), in subjects aged 62.8±10.6 years (mean±SD).

The monthly incidence of TGA peaked twice within each year ([Figs. 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}, [Table 2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}). The first peak occurred during December (OR=2.83, 95% CI=1.20--6.67), with the second occurring during March (OR=2.77, 95% CI=1.17--6.56). The incidence decreased during April through August, during which there were no significant variations in incidence. The incidence exhibited an increase followed up by a decrease from October to February, peaking in December.

Seasonal peaks in the incidence of TGA were noted in winter (OR=1.82, 95% CI=1.12--2.96) and spring (OR=1.80, 95% CI=1.10--2.94) ([Fig. 2](#F2){ref-type="fig"}, [Table 3](#T3){ref-type="table"}). The resulting peridogram shows an intensity peak at an incidence rate frequency of 0.25, which corresponds to a period of 4 months.

DISCUSSION
==========

We have retrospectively analyzed seasonal patterns in the incidence of TGA at a tertiary medical center over a 15-year period. Our study investigated a relatively large number of subjects over a long duration. We have observed that the incidence of TGA exhibits both monthly and seasonal peaks, with these results being confirmed via logistic regression and time-season analysis. This observation may help to improve the understanding of the pathophysiology underlying this condition.

Significant alterations in physiological parameters have been previously noted to alternate during the seasons, including hormonal changes, production of coagulation factors, oxidative stress, endothelial dysfunction, mild changes in hemodynamic parameters, immunological changes, and susceptibility to infectious agents.[@B15][@B16][@B17][@B18] These alterations are thought to follow meteorological seasonal changes such as air pollution, UV radiation, temperature, and atmospheric air pressure. Lifestyle activity and dietary habits exhibit normal fluctuations with additional background health impacts. Both vascular and infectious clinical phenomena follow seasonal trends. Venous and arterial thrombosis have a greater tendency to occur during the winter months,[@B15] including TIA and ischemic strokes. One previously unconsidered possibility is that TGA is triggered by an infection, or is part of a postinfectious phenomenon.[@B19][@B20][@B21] Previous studies have observed DWI restriction on magnetic resonance imaging (MRI) in TGA patients. These lesions were bilateral and symmetric,[@B5] similar symmetric MRI lesions were also seen in central-nervous-system viral infections, such as herpes simplex encephalitis. Infections tend to exhibit seasonal variations. Examples include enteroviruses that peak during summer and autumn, and the measles virus that may exhibit an outbreak in the autumn. Examples of viruses that have peaks of infection in early spring and winter are respiratory syncytial virus[@B20] and rotavirus.[@B22] However, additional research is needed to support the speculation that infection is a possible etiology of TGA.

Akkawi et al.[@B23] described an association between TGA occurrence and low ambient temperature. The age, sex ratio, and annual distribution of TGA in our patient population are consistent with data reported by that group. That study reviewed all TGA cases admitted to an Italian hospital over a 6-year period. The study did not analyze seasonal or monthly variability, but consisted of a comparison between the climatic parameters of days with and without TGA. Most of the TGA cases occurred when the outdoor temperature was less than 6.9℃, with the frequency of TGA being a minimum when it exceeded 24℃ (*p*\<0.0001). Since lower temperatures are observed in Israel and Italy during the winter and early spring, this data supports the findings of our study.

Our study may have underrepresented cases whose care was managed in the community. However, the clinical phenotype of TGA is usually alarming, and patients in Israel are generally referred to hospitals for further medical evaluations. Due to the proximity to major hospitals in the center of Israel, nearly all cases of acute confusion states received emergency-room attention within 24 hours of onset.

We also observed some year-to-year variability. Our tertiary medical center and five other medical centers service the bulk of the center of Israel (approximately 3 million people). We expected some degree of year-to-year variability due to an unequal distribution of cases between these medical centers.

In conclusion, our findings suggest that TGA has seasonal incidence variations, which supports the findings of Akkawi et al.[@B23] Since this observation is supported by evidence from a previous study performed in another Mediterranean country, we believe that further comparison of TGA epidemiology in various countries will yield new insights and may facilitate a better understanding of its pathophysiology.
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###### Annual incidence rates of TGA during 2000--2014: incidence, occurrence, sex, and age

![](jcn-12-403-i001)

  Year   Incidence^\*^   Occurrences   Males (%)   Age, years (mean±SD)
  ------ --------------- ------------- ----------- ----------------------
  2000   633             10            40.0        60.6±11.4
  2001   318             5             40.0        60.0±6.3
  2002   297             5             60.0        47.4±15.4
  2003   464             8             62.5        66.6±6.8
  2004   418             7             28.5        65.3±6.5
  2005   291             5             40.0        62.2±2.5
  2006   583             11            27.2        63.7±10.8
  2007   593             11            45.4        59.5±19.5
  2008   583             11            45.4        63.9±7.6
  2009   886             16            31.5        63.3±10.7
  2010   733             13            53.8        65.2±8.7
  2011   959             16            18.7        64.7±7.9
  2012   752             13            30.7        57.8±11.3
  2013   905             15            73.3        62.5±8.6
  2014   471             8             25.0        63.8±11.2

\*Incidence rate is per 1,000,000 persons.

TGA: transient global amnesia.

###### OR and 95% CI values for the incidence of TGA according to month
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  Month       OR      95% CI   
  ----------- ------- -------- -------
  January     1.859   0.750    4.606
  February    1.606   0.623    4.144
  March       2.775   1.173    6.564
  April       1.922   0.767    4.819
  May         1.555   0.603    4.012
  July        1.379   0.525    3.622
  August      1.089   0.395    3.004
  September   2.044   0.825    5.065
  October     1.423   0.542    3.740
  November    2.168   0.884    5.319
  December    2.837   1.206    6.675

June was used as the reference month.

TGA: transient global amnesia.

###### OR and 95% CI values for the TGA incidence according to season
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  Season   OR      95% CI   
  -------- ------- -------- -------
  Winter   1.822   1.120    2.966
  Spring   1.803   1.103    2.945
  Autumn   1.619   0.980    2.675

Summer was used as the reference season.

OR: odds ratio, CI: confidence interval, TGA: transient global amnesia.
